New CCD photometry during 4 successive years from 2005 is presented for the eclipsing binary GW Cep, together with reasonable explanations for the light and period variations. All historical light curves, obtained over a 30-year interval, display striking light changes, and are best modeled by the simultaneous existence of a cool spot and a hot spot on the more massive cool component star. The facts that the system is magnetically active and that the hot spot has consistently existed on the inner hemisphere of the star indicate that the two spots are formed by (1) magnetic dynamorelated activity on the cool star and (2) mass transfer from the primary to the secondary component. Based on 38 light-curve timings from the Wilson-Devinney code and all other minimum epochs, a period study of GW Cep reveals that the orbital period has experienced a sinusoidal variation with a period and semi-amplitude of 32.6 yrs and 0.009 d, respectively. In principle, these may be produced either by a light-travel-time effect due to a third body or by an active magnetic cycle of at least one component star. Because we failed to find any connection between luminosity variability and the period change, that change most likely arises from the existence of an unseen third companion star with a minimum mass of 0.22 M ⊙ gravitationally bound to the eclipsing pair.
INTRODUCTION
After GW Cep (CSV 5941, BV 7, 2MASS J01455862+8004553) was discovered to be a variable star by Strohmeier (Geyer et al. 1955) , its light curves were made photoelectrically by Meinunger & Wenzel (1965) , Hoffmann (1982) , Landolt (1992) , and Pribulla et al. (2001) . They recognized it as a W-subtype (defined empirically by Binnendijk (1970) ) eclipsing binary with complete eclipses. Kaluzny (1984) analyzed Hoffmann's BV light curves by using Rucinski's (1976) code and concluded that the binary is an over-contact system with the characteristic parameters of q=2.703 and i=83 • .9 and a fill-out factor f =11.3 %. Pribulla et al. analyzed their own BV light curves using the Wilson & Devinney (1971, hereafter W-D) code. Except for a value of f =23.5 %, their results are very similar to those of the earlier study. The orbital period of GW Cep has been examined by Pribulla et al. and Qian (2003) , who reported that the period is decreasing. More recently, Chochol et al. (2006) suggested that the variation of the orbital period could be produced by two possible forms: a single light-travel time (LTT) ephemeris with and without a quadratic term.
Although GW Cep has been studied photometrically these several times, intrinsic light variations due to starspots have not yet been considered. Additionally, the period variation still has not been described as conclusively as can be desired. In this paper, we present and discuss the long-term photometric behavior of the binary system from detailed studies of all available data.
NEW EXTENDED CCD PHOTOMETRY
We carried out CCD photometric observations of GW Cep on 20 nights from 2005 October through 2008 November in order to look for possible long-term light variability. The observations were taken with a SITe 2K CCD camera and a BV R filter set attached to the 61-cm reflector at Sobaeksan Optical Astronomy Observatory (SOAO) in Korea. The exposure times were about 40−85 s for B, 20−40 s for V , and 10−20 s for R with a 2×2 binning mode. The individual choices depended on the seeing and transparency of the night sky. The instrument and reduction method have been described by Lee et al. (2007a) . A summary of the observations is given in Table 1 , where we present seasonal observing intervals, filters, numbers of observed points, and designations for all datasets.
An image of the observing field appears in Figure 1 , with the eclipsing variable designated as GW and candidate comparison stars marked as Rn (n being a sequence number). Since an individual frame was large enough to image a few tens of nearby stars simultaneously, we monitored many of them on each frame. To find a comparison star that would be optimal for long-term observing, we first took an average of 5 potentially useful field stars calling that average <R> and examined each field star against <R> as a reference. The R1 and R3 stars showed excessive noise and were therefore excluded as possible comparison candidates. Candidates R4 and R5 did not appear to be variable but their noise levels against <R> were larger than was the case for R2. Ultimately, R2 (2MASS J01405717+8011069, GSC 4502-0542, TYC 4502-542-1; V T =+10.82, (B − V ) T =+0.94) was chosen as a suitable comparison star (C). The 1σ-value of the dispersion of the (C− <R>) differences is about ±0.006 mag.
A total of 4,227 individual observations was obtained among the three bandpasses (1414 in B, 1416 in V , and 1397 in R) and a sample of them is listed in Table 2 . The light curves are plotted in Figure 2 as differential magnitudes versus orbital phase.
THE LIGHT CURVES AND SPOTS MODELS
Figure 2 displays a quite active light curve for GW Cep. Most observations show the conventional O'Connell effect with Max I (at phase 0.25) brighter than Max II. Our light curves were solved in a manner similar to that for TU Boo (Lee et al. 2007b ) and AR Boo (Lee et al. 2009a ) by using contact mode 3 of the W-D code. In order to obtain an unique set of photometric solutions, our light-curve synthesis was carried out in two stages. In the first stage, all SOAO observations were analyzed simultaneously without a spot. In the second stage, the existence of short-time brightness disturbances caused us to model separately each dataset (designated in the fifth column of Table  1 ) by assuming the unspotted solutions and by adjusting only spot and luminosity parameters.
The surface temperature of the more massive star was held fixed at 5800 K, appropriate for its spectral type G3 (Meinunger & Wenzel 1965) . Linear bolometric (X) and monochromatic (x) limb-darkening coefficients were initialized from the values of van Hamme (1993) and were used together with the model atmosphere option. From a detailed q-search procedure over the range of 0.3 ≤ q ≤ 4.0, we found that the sum of the weighted squared residuals, ΣW (O − C) 2 , reached a minimum around q=2.60. That indicates that GW Cep is indeed a W-subtype contact binary as previous workers had found. The initial value of q was then treated as an adjustable parameter to derive the unspotted solution listed in Table 3 , wherein the primary and secondary stars refer to those being eclipsed at Min I and Min II, respectively. Therefore, the latter star is the cooler, larger, and more massive component. The V residuals from the analysis are plotted in the left panels of Figure 3 . Similar patterns exist for the other bandpasses.
As can be seen from these panels, the model light curves do not fit the observed ones at all well. The discrepancies resemble those of solar-type contact binaries recently studied such as TU Boo, AR Boo, and BX Peg (Lee et al. 2009b ), for which non-modelled light could be explained by spot variability on the stellar photospheres. This condition could result from magnetic dynamo-related activity and/or variable mass transfer between the components. Because our long-term data show conspicuous seasonal light variations despite a constant value of f , it is more reasonable to regard the main cause of the second-order activity to be a magnetized cool spot on either component star of GW Cep rather than sporadically-variable mass transfer. Adopting the light curves of SOAO6 as reference ones, we tested a single cool spot on each component. A cool spot on the larger secondary star gives a slightly smaller value of ΣW (O − C) 2 than if the spot were on the primary. This is consistent with Mullan's (1975) suggestion that the more massive components of contact binaries would preferentially manifest starspots. Therefore, we solved each SOAO dataset separately using the cool-spot model. The results are given as the one-spot model of Table 4 and the light residuals from this model are plotted in the central panels of Figure 3 . It shows that a single cool spot on the secondary component does improve the light-curve fitting greatly but brightness disturbances are still conspicuous around phase 0.38. This detail can be interpreted by introducing a hot spot on the surface of the secondary as was verified by testing the SOAO6 data for this possibility. Lastly, all SOAO light curves were re-analyzed by using a two-spot model with both a cool spot and a hot spot on the secondary star. The final result is listed in the two-spot-model entries of Table 4 and the residuals from this model are plotted in the right panels of Figure 3 . Although not perfectly flat with respect to phase, this distribution of residuals is a great improvement over the previous one.
To study the long-term spot behavior of GW Cep, we analyzed the historical light curves by using our photometric parameters listed in Table 3 and adopting a two-spot model for the more massive secondary component. The data of Meinunger & Wenzel (1965) could not be included in our analysis because they remain unavailable. The model parameters for the datasets of Hoffmann (1982) , Landolt (1992) , and Pribulla et al. (2001) lead to the continuous curves in Figures 4-6 and appear in Table 5 . Although Landolt's observations have a large gap between phases 0.37 and 0.68, his light curves were actually modeled for spot descriptions. It can be seen that the stellar brightness ratios have not changed as a result of the spot modeling and it can also be seen that, in the 2000 data by Pribulla et al., the cool spot had almost disappeared. From the analyses, we conclude that the two-spot model satisfies all GW Cep curves quite well and gives a good representation of the binary system for both the photospheric and spot descriptions. As seen in Tables 4 and 5 and Figure 7 , our results indicate that the long-term light variations are dominated by the changes of the cool spot with time, especially by a longitude drift of that spot. Because its position on the inner hemisphere of the secondary star has not changed appreciably over the 30-year interval, the hot spot can be produced by stable mass transfer from the less massive primary impacting on the more massive secondary component. Thus, the intrinsic light variations of GW Cep have been modeled by the simultaneous existence of the active cool spot on the secondary star and an enduring hot spot due to mass transfer between the components. In all the procedures that have been described, we did not look for a possible third light source as might be suggested by the orbital period study now to be described.
Identifying a satisfactory comparison star is critical to the credibility of the spot descriptions. Had we, for instance, chosen R1 as the comparison star, a light modulation of a bit less than 0.02-mag peak-to-peak would have been introduced into the sequence of light curves and this could well have been attributed to a third spot with a cycle length of about 3 years.
ORBITAL PERIOD STUDY
Times of minimum light may be shifted from conjunction instants by asymmetrical eclipse minima due to spot activity (cf. Lee et al. 2009a ). Because 9 datasets of GW Cep were modeled for spot parameters, we calculated a minimum epoch for each eclipse in these datasets with the W-D code by means of adjusting only the ephemeris epoch (T 0 ). Thirty-eight such timings of minimum light are given in Table 6 , together with those previously known or newly determined using the method of Kwee & van Woerden (1956, hereafter KvW) for comparison. Two of these (HJD 2,444,289.27664 and 2,451,884.61130) have been derived by us from the individual measurements. As in the case of AR Boo, there are systematic runs of differences between the KvW timings and the W-D ones. For SOAO6 and probably for SOAO2-5 as well, the differences are negative for Min I and positive for Min II except for two eclipses (HJD 2,454,026.99936 and 2,454,421.07651). These differences are caused by the cool spot and the hot spot presented to the observer before Min I and Min II, respectively. A total of 156 minimum timings over 45 years (50 visual, 6 photographic, 24 photoelectric, and 76 CCD), including the new W-D timings, were used to study the orbital period. For ephemeris computations, the following standard deviations were assigned to timing residuals based on the observational technique and the method of measuring the epochs: ±0.0068 d for visual and photographic, ±0.0012 d for photoelectric, ±0.0008 d for CCD, and ±0.0004 d for W-D minima. Relative weights were then scaled from the inverse squares of these values.
From a parabolic least-squares fit, Pribulla et al. (2001) suggested that their measured period decrease can be driven by mass transfer from the more to the less massive component but may also be inflected by an LTT effect caused by the presence of a third companion physically bound to the eclipsing pair. The reason for this conclusion is that the sum of the weighted squared residuals from a 3rd-order polynomial fit is 7 % lower than for a 2nd-order one. Chochol et al. (2006) reported that the orbital period changes of the binary system can be represented by either a single LTT ephemeris or by a combination of a downward parabola and an LTT (i.e., a quadratic plus LTT ephemeris). To find the best representation, We fitted all minimum epochs to several ephemeris forms including those already tried and found that the single LTT ephemeris gives a satisfactory representation without needing a quadratic term:
where τ 3 is the LTT due to a third body (Irwin 1952 (Irwin , 1959 and includes five parameters (a sin i 3 , e, ω, n, T ). The Levenberg-Marquart technique (Press et al. 1992 ) was applied to solve for the parameters of the ephemeris. The result is plotted in Figure 8 and orbital parameters are summarized in Table 7 , together with the third-body masses (M 3 ) calculated for three different values of i 3 . Absolute dimensions by Maceroni & van't Veer (1996) have been used for these and subsequent calculations. The orbital eccentricity is not significant.
If the hypothetical third companion is a normal main-sequence star and its orbit is coplanar with the eclipsing pair (i 3 = 85 • .4), the mass of the object is M 3 = 0.22 M ⊙ and its radius is calculated to be R 3 = 0.23 R ⊙ from the empirical mass-radius relation of Bayless & Orosz (2006) . These correspond to a spectral type of about M6-7 and a bolometric luminosity of L 3 = 0.004 L ⊙ . This small value compared to the larger intrinsic variability due to variable spots is the reason no "third light" was sought in our analyses.
Because there is no independent evidence to support the LTT hypothesis, one must consider the alternative: a period modulation due to a magnetic activity cycle, as initially proposed by Applegate (1992) and later modified by Lanza et al. (1998) . According to this model, a change in the distribution of angular momentum of a magnetically active star causes a change in the star's gravitational quadratic moment and hence forces a modulation of the orbital period. To obtain the model parameters for possible magnetic activity, we applied the period (P 3 ) and amplitude (K) to Applegate's formulae. The results from these calculations are presented in Table 8 and correspond to typical values for contact binaries. Here, the quantity ∆m rms denotes a bolometric magnitude difference calculated from the equation (4) of Kim et al. (1997) .
According to the prediction of the Applegate model, the brightness variation of a binary should vary in a pattern and sense similar to the period change seen in the O-C diagram. In order to study this possibility, we measured the light levels at four special phases for the GW Cep light curves. The ∆V variations for only the SOAO data are plotted in the first through fourth panels of Figure  9 because the other datasets used different comparison stars and could not be made comparable to the zero points of the SOAO light curves. The light level at Max II, plotted in the third panel, has brightened in tandem with the period increase over the interval of monitoring but the other light levels fail the test. To look for any further connection between spot variability and orbital period changes, we examined the changes with time of the radius (R c ) of the cool spot and of the luminosity ratio (L c /L h ) between the cool and hot spots from our two-spot model. These have been assembled in the fifth and sixth panels of Figure 9 , respectively. There clearly exists a variation in the size of the cool spot but the changes in its parameters do not conform to Applegate's prediction. At present, we do not know what would be the appearance of a complete cycle for the cool spot because data are insufficient. It is also possible that magnetic activity is not constant, as already suggested by us for AR Boo, but the weight of present evidence favors a 3rd-body interpretation rather than a magnetic-cycle one for the period modulation. This is the second in our series of contact binary studies in which we have used timings developed from the W-D code. As Figure 8 in this study and Figure 2 accompanying the paper on AR Boo show, this method is superior to all others: if the ordinate scale of an O-C diagram is chosen so as to make obvious the noise in visual or photographic timings, the noise in photoelectric and conventional CCD timings will also be detectable but that from W-D determinations will not be obvious to even detailed inspection of the printed page. The weight of such timings will be the most powerful determinant in fitting the timing residuals. This understanding must become part of any program decision of whether simply to monitor minimum timings or to develop entire light curves whereby the bias due to photospheric spots may be removed from the timings. Only in this way will large and small secular and cyclical terms be evaluated to the highest accuracy and it be possible to decide if the cyclical terms are really periodic.
SUMMARY AND DISCUSSION
New multiband CCD light curves plus historical ones all display complete eclipses leading to system descriptions of high weight. The O'Connell effect and superposed long-term light variability are best explained by both a cool spot and a hot one on the more massive secondary star. The long-term variability has been ascribed to changes in the size of the cool spot. This spot may be produced by magnetic dynamo-related activity because the system is rotating rapidly and has a common convective envelope. The hot spot, on the other hand, is likely caused by impact from mass transfer between the components.
Over 45 years, the orbital period change of GW Cep has shown a periodic oscillation with a cycle length of 32.6 yr and a semi-amplitude of 0.009 d. In principle, this oscillation may be produced either by an LTT effect due to an unseen third star with a scaled mass of M 3 sin i 3 =0.22 M ⊙ or by an active magnetic cycle in the more massive secondary star. We indicate that the latter interpretation is the less likely of the two possibilities.
With a relatively favorable light ratio and complete eclipses GW Cep clearly merits a radial velocity determination. Those eventual results will add weight to understanding the entire class of contact binaries but is there anything about the binary which appears singular at the present time? One item which attracts attention is the unfamiliar finding that the Keplerian period has been constant over 45 years. This may be examined in some detail from The Atlas of O-C Diagrams of Eclipsing Binary Stars (Kreiner et al. 2001) . From that source we extracted the period histories of all cool contact binaries which have periods shorter than that of GW Cep. These systems number 32 (1 A-type, 25 W-types and 6 not presently classified) and the shortest period is 0.221 d. In order to complete a sample for which GW Cep will have the median period, we next found the 32 contact binaries which show successively longer periods. These 32 systems are apportioned among 11 A-types, 17 W-types and 4 presently unclassified and the longest period is 0.365 d. Of this total sample of 65 pairs, 6 (AT Aqr, GW Cep, V906 Cyg, V743 Sgr, RZ UMi and BP Vel) appear at present to show constant periods. The remainder show secularly variable periods of either algebraic sign upon which bounded oscillations are superposed in some cases. Clearly, constant periods are an uncommon phenomenon in the sample and one may conjecture that they signify brief episodes of constant period behavior during themal oscillation evolutionary events. Of the 6 binaries, all but GW Cep have poor continuity in their period histories leaving that object as the best system at present to test such a possibility. Not only GW Cep, but the 5 other binaries merit continuing period monitoring.
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